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(54) INTERCOOLED COOLING AIR WITH SELECTIVE PRESSURE DUMP

(57) A gas turbine engine (101) includes a main com-
pressor section (102) having a downstream most location
(104), and a turbine section (108), with both the main
compressor section (102) and the turbine section (108)
housing rotatable components. A first tap (110) taps air
compressed by the main compressor section (102) at an
upstream location upstream of the downstream most lo-
cation (104). The first tap (110) passes through a heat
exchanger (112) and to a cooling compressor (114). Air
downstream of the cooling compressor (114) is selec-

tively connected to reach at least one of the rotatable
components. The cooling compressor (114) is connected
to rotate at a speed proportional to a rotational speed in
one of the main compressor section (102) and the turbine
section (108). A valve system (128,130) includes a check
valve (130) for selectively blocking flow downstream of
the cooling compressor (114) from reaching the at least
one rotatable component. A dump valve (128) selectively
dumps air downstream of the cooling compressor (114).
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Description

BACKGROUND

[0001] This application relates to a control for selec-
tively dumping air downstream of a cooling compressor
in an intercooled cooling air system.
[0002] Gas turbine engines are known and typically
include a fan delivering air into a bypass duct as propul-
sion air. Air is also delivered into a compressor where it
is mixed with fuel and ignited. Products of this combustion
pass downstream over turbine rotors, driving them to ro-
tate.
[0003] It is known to provide cooling air to several areas
within the gas turbine engine. As examples, the down-
stream portions of the compressor section and the more
upstream portions of the turbine section experience high
heat loads. Thus, it is known to provide cooling air.
[0004] Gas turbine engines have historically driven a
low pressure compressor and a fan at a common speed
with a single turbine. More recently, it has been proposed
to incorporate a gear reduction between the low pressure
compressor and the fan. This allows an increase in a
bypass ratio, where the portion of air delivered into the
bypass duct is propulsion air compared to the air deliv-
ered into the compressor. With such a change, the air
being delivered into the compressor must be utilized ef-
ficiently.
[0005] In addition, the overall efficiency of all types of
gas turbine engines is becoming an increasingly impor-
tant matter of design. Fuel prices are rising and, thus,
any efficiency improvement is important.

SUMMARY

[0006] A gas turbine engine according to one disclosed
non-limiting embodiment includes a main compressor
section having a downstream most location, and a turbine
section, with both the main compressor section and the
turbine section housing rotatable components. A first tap
taps air compressed by the main compressor section at
an upstream location upstream of the downstream most
location. The first tap passes through a heat exchanger,
and to a cooling compressor. Air downstream of the cool-
ing compressor is selectively connected to reach at least
one of the rotatable components. The cooling compres-
sor is connected to rotate at a speed proportional to a
rotational speed in one of the main compressor section
and the turbine section. A valve system includes a check
valve for selectively blocking flow downstream of the
cooling compressor from reaching the at least one rotat-
able component. A dump valve selectively dumps air
downstream of the cooling compressor.
[0007] In an embodiment of the above, the heat ex-
changer is positioned in a bypass duct, and a fan delivers
air into the bypass duct and into the main compressor
section.
[0008] In another embodiment according to any of the

previous embodiments, the cooling compressor is driven
by a shaft which rotates with a high pressure turbine.
[0009] In another embodiment according to any of the
previous embodiments, a take-off shaft is connected to
be driven by the shaft and, in turn connected to drive the
cooling compressor.
[0010] In another embodiment according to any of the
previous embodiments, the take-off shaft is connected
to drive the cooling compressor through a gearbox.
[0011] In another embodiment according to any of the
previous embodiments, a second tap is located down-
stream of the upstream location, and is connected to se-
lectively deliver air to cool the at least one of the rotatable
components at least when the check valve blocks flow
downstream of the cooling compressor.
[0012] In another embodiment according to any of the
previous embodiments, the dump valve and the check
valve move as a single valve.
[0013] In another embodiment according to any of the
previous embodiments, the check valve is driven by a
pressure downstream of the cooling compressor to allow
flow to reach the at least one of the rotatable components
when a pressure downstream of the cooling compressor
is above a predetermined limit greater than the pressure
at the second tap location, and block flow when the pres-
sure downstream of the cooling compressor is below the
predetermined limit, and the check valve is connected to
a moving valve which selectively opens or blocks com-
munication to dump the air.
[0014] In another embodiment according to any of the
previous embodiments, the upstream location is in a high
pressure compressor.
[0015] In another embodiment according to any of the
previous embodiments, a second tap is located down-
stream of the upstream location, and is connected to se-
lectively deliver air to cool the at least one of the rotatable
components at least when the check valve blocks flow
downstream of the cooling compressor.
[0016] In another embodiment according to any of the
previous embodiments, the dump valve and the check
valve move as a single valve.
[0017] In another embodiment according to any of the
previous embodiments, the check valve is driven by a
pressure downstream of the cooling compressor to allow
flow to reach the at least one of the rotatable components
when a pressure downstream of the cooling compressor
is above a predetermined limit greater than the pressure
at the second tap location, and block flow when the pres-
sure downstream of the cooling compressor is below the
predetermined limit, and the check valve is connected to
a moving valve which selectively opens or blocks com-
munication to dump the air.
[0018] In another embodiment according to any of the
previous embodiments, dumped air is used to increase
air flow across an auxiliary heat exchanger.
[0019] A gas turbine engine according to a further dis-
closed non-limiting embodiment includes a main com-
pressor section having a downstream most location, and
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a turbine section, with both the main compressor section
and the turbine section housing rotatable components.
There is a means for tapping air compressed by the main
compressor section at a location upstream of the down-
stream most location, and cooling the tapped air before
passing it to a cooling compressor and selectively con-
necting the tapped air to reach at least one of the rotatable
components. The cooling compressor is connected to
rotate at a speed proportional to a rotational speed in one
of the main compressor section and the turbine section.
There is a means for selectively blocking flow down-
stream of the cooling compressor from reaching the at
least one rotatable component, and selectively dumping
air downstream of the cooling compressor.
[0020] In an embodiment of the above, the cooling
compressor is connected to be driven by a shaft which
rotates with a high pressure turbine.
[0021] In another embodiment according to any of the
previous embodiments, the means for tapping includes
a first tap at a location in a high pressure compressor.
[0022] In another embodiment according to any of the
previous embodiments, a second tap is located down-
stream of the upstream location, and is connected for
selectively deliver air to cool the at least one of the rotat-
able components at least when the means for selectively
blocking blocks flow downstream of the cooling compres-
sor.
[0023] In another embodiment according to any of the
previous embodiments, means for selectively blocking
includes a dump valve and a check valve which move as
a single valve.
[0024] In another embodiment according to any of the
previous embodiments, the dump valve and the check
valve move as a single valve.
[0025] A method of operating a gas turbine engine ac-
cording to another disclosed non-limiting embodiment in-
cludes driving a main compressor section having a down-
stream most location, and driving a turbine section, with
both the main compressor section and the turbine section
housing rotatable components. Tapping air is com-
pressed by the main compressor section at a location
upstream of the downstream most location, and passes
the tapped air through a heat exchanger, and to a cooling
compressor. Air downstream of the cooling compressor
is selectively connected to reach at least one of the ro-
tatable components. The cooling compressor is driven
to rotate at a speed proportional to a rotational speed in
one of the main compressor section and the turbine sec-
tion. The method selectively blocking flow downstream
of the cooling compressor from reaching the at least one
rotatable component, and selectively dumps air down-
stream of the cooling compressor.
[0026] These and other features may be best under-
stood from the following drawings and specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Figure 1 schematically shows a gas turbine engine.
Figure 2 schematically shows a cooling air system.
Figure 3A shows a valve arrangement in a first po-
sition.
Figure 3B shows the Figure 3A valve in a second
position.
Figure 4 shows an optional feature.

DETAILED DESCRIPTION

[0028] Figure 1 schematically illustrates a gas turbine
engine 20. The gas turbine engine 20 is disclosed herein
as a two-spool turbofan that generally incorporates a fan
section 22, a compressor section 24, a combustor section
26 and a turbine section 28. The fan section 22 drives
air along a bypass flow path B in a bypass duct defined
within a nacelle 15, and also drives air along a core flow
path C for compression and communication into the com-
bustor section 26 then expansion through the turbine sec-
tion 28. Although depicted as a two-spool turbofan gas
turbine engine in the disclosed non-limiting embodiment,
it should be understood that the concepts described here-
in are not limited to use with two-spool turbofans as the
teachings may be applied to other types of turbine en-
gines including three-spool architectures.
[0029] The exemplary engine 20 generally includes a
low speed spool 30 and a high speed spool 32 mounted
for rotation about an engine central longitudinal axis A
relative to an engine static structure 36 via several bear-
ing systems 38. It should be understood that various
bearing systems 38 at various locations may alternatively
or additionally be provided, and the location of bearing
systems 38 may be varied as appropriate to the applica-
tion.
[0030] The low speed spool 30 generally includes an
inner shaft 40 that interconnects, a first (or low) pressure
compressor 44 and a first (or low) pressure turbine 46.
The inner shaft 40 is connected to the fan 42 through a
speed change mechanism, which in exemplary gas tur-
bine engine 20 is illustrated as a geared architecture 48
to drive a fan 42 at a lower speed than the low speed
spool 30. The high speed spool 32 includes an outer shaft
50 that interconnects a second (or high) pressure com-
pressor 52 and a second (or high) pressure turbine 54.
A combustor 56 is arranged in exemplary gas turbine 20
between the high pressure compressor 52 and the high
pressure turbine 54. A mid-turbine frame 57 of the engine
static structure 36 may be arranged generally between
the high pressure turbine 54 and the low pressure turbine
46. The mid-turbine frame 57 further supports bearing
systems 38 in the turbine section 28. The inner shaft 40
and the outer shaft 50 are concentric and rotate via bear-
ing systems 38 about the engine central longitudinal axis
A which is collinear with their longitudinal axes.
[0031] The core airflow is compressed by the low pres-
sure compressor 44 then the high pressure compressor
52, mixed and burned with fuel in the combustor 56, then
expanded over the high pressure turbine 54 and low pres-
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sure turbine 46. The mid-turbine frame 57 includes air-
foils 59 which are in the core airflow path C. The turbines
46, 54 rotationally drive the respective low speed spool
30 and high speed spool 32 in response to the expansion.
It will be appreciated that each of the positions of the fan
section 22, compressor section 24, combustor section
26, turbine section 28, and fan drive gear system 48 may
be varied. For example, gear system 48 may be located
aft of the low pressure compressor, or aft of the combus-
tor section 26 or even aft of turbine section 28, and fan
42 may be positioned forward or aft of the location of gear
system 48.
[0032] The engine 20 in one example is a high-bypass
geared aircraft engine. In a further example, the engine
20 bypass ratio is greater than about six, with an example
embodiment being greater than about ten, the geared
architecture 48 is an epicyclic gear train, such as a plan-
etary gear system or other gear system, with a gear re-
duction ratio of greater than about 2.3 and the low pres-
sure turbine 46 has a pressure ratio that is greater than
about five. In one disclosed embodiment, the engine 20
bypass ratio is greater than about ten, the fan diameter
is significantly larger than that of the low pressure com-
pressor 44, and the low pressure turbine 46 has a pres-
sure ratio that is greater than about five. Low pressure
turbine 46 pressure ratio is pressure measured prior to
inlet of low pressure turbine 46 as related to the pressure
at the outlet of the low pressure turbine 46 prior to an
exhaust nozzle. The geared architecture 48 may be an
epicycle gear train, such as a planetary gear system or
other gear system, with a gear reduction ratio of greater
than about 2.3:1 and less than about 5:1. It should be
understood, however, that the above parameters are only
exemplary of one embodiment of a geared architecture
engine and that the present invention is applicable to
other gas turbine engines including direct drive turbofans.
[0033] A significant amount of thrust is provided by the
bypass flow B due to the high bypass ratio. The fan sec-
tion 22 of the engine 20 is designed for a particular flight
condition -- typically cruise at about 0.8 Mach and about
35,000 feet (10,668 meters). The flight condition of 0.8
Mach and 35,000 ft (10,668 meters), with the engine at
its best fuel consumption - also known as "bucket cruise
Thrust Specific Fuel Consumption (’TSFC’)" - is the in-
dustry standard parameter of lbm of fuel being burned
divided by lbf of thrust the engine produces at that min-
imum point. "Low fan pressure ratio" is the pressure ratio
across the fan blade alone, without a Fan Exit Guide Vane
("FEGV") system. The low fan pressure ratio as disclosed
herein according to one non-limiting embodiment is less
than about 1.45. "Low corrected fan tip speed" is the ac-
tual fan tip speed in ft/sec divided by an industry standard
temperature correction of [(Tram °R) / (518.7 °R)]0.5

(where °R = K x 9/5). The "Low corrected fan tip speed"
as disclosed herein according to one non-limiting em-
bodiment is less than about 1150 ft / second (350.5 me-
ters/second).
[0034] Figure 2 shows an intercooled cooling system

100 for delivering cooling air to rotating components with-
in an engine 101.
[0035] The engine 101 includes a main compressor
section 102 having a downstream most location 104. A
combustor 106 is downstream of a main compressor sec-
tion 102 and a turbine section 108 is downstream of a
combustor 106.
[0036] Air is shown being tapped at a location 110
which is upstream of the downstream most location 104.
By selectively tapping air at this "less compressed" loca-
tion, less work is utilized to achieve the air being tapped.
The air may be tapped in an upstream portion of a high
pressure compressor or even in a low pressure compres-
sor section. Air from the tap 110 passes through a heat
exchanger 112. The heat exchanger 112 may be placed
in a bypass duct, such as the bypass duct shown in Figure
1.
[0037] Downstream of the heat exchanger 112, the air
passes through a cooling compressor 114. Cooling com-
pressor 114 may be a centrifugal compressor. As shown
schematically, a shaft 117, which may be driven as part
of the high pressure spool (see Figure 1), drives a take-
off shaft 218. Shaft 218 drives a rotor, or impeller, of the
centrifugal compressor 114 through a gearbox 121.
[0038] Air downstream of compressor 114 communi-
cates to line 116, and then through a mixing chamber
118 into the turbine section 108, as shown at point 120.
It should be understood that this is a schematic repre-
sentation. In fact, the air may often move into the core
engine through a downstream vane or strut approximate-
ly at the downstream most location 104, and then move
radially inwardly of the combustor to reach upstream por-
tions of the turbine section 108. As shown in phantom at
line 122, the cooling air can also be delivered to the down-
stream portions of the compressor section 102.
[0039] For purposes of this application, the compres-
sor and turbine sections could be said to have rotatable
components and the cooling air is supplied to at least
one of the rotating components in the compressor and/or
turbine sections 102 and 108.
[0040] At times, it may be undesirable to supply air
from the tap 110 to the cooling location 120. Thus, a
second tap 124, which may be closer to the downstream
most location 104, and could even be downstream of the
downstream most location 104, is communicated
through line 126 to the mixing chamber 118.
[0041] The times when it may be less desirable to tap
from the location 110 may be lower power operation of
the engine 101. Since the compressor 114 is driven at a
speed directly proportional to the speed of shaft 117, as
the engine moves to slower speed operation, the com-
pressor 114 will also move to slower operation. At such
times, a pressure ratio across the compressor may in-
crease such that the compressor may see undesirable
operation. As an example, the pressure ratio may ap-
proach, and even pass, a surge line, which would be
undesirable. Thus, during lower power operation, the air
at line 116 may pass through a dump valve 128 and be
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dumped into an exhaust stream, or into the bypass flow.
At the same time, a check valve 130 may block commu-
nication downstream of the compressor 114 from reach-
ing the mixing chamber 118 and the inlet 120 to the core
engine. At such times, the air from line 126 may pass to
provide cooling air.
[0042] Figure 3A shows a first embodiment of a valve
which may provide the function of both valves 128 and
130. The combined valve 230, as shown in Figure 3A, is
shown in a first higher power position at which air is al-
lowed to move through a check valve portion 236, which
is removed from a seat 232, such that air can pass to the
mixing chamber 118 from a cooling compressor 114.
When the air downstream of the cooling compressor 114
is above a predetermined pressure, the valve will be in
the Figure 3A position. More accurately, the valve is open
(in the Figure 3A position) when a pressure difference
between lines 116 and 118 exceeds a predetermined
level.
[0043] As shown, a connection 240 connects the check
valve 236 to a dump valve 242, which is shown selectively
blocking a vent 234. Pressure in the connection 238,
which is downstream of the cooling compressor 114, will
maintain the valves 236 and 242 in this position during
higher power operation.
[0044] Compressor 114 is designed such that the pres-
sure at line 116 is greater than that at line 126. Thus, air
will flow to 120 from line 116. In other embodiments air
may flow from both lines for cooling purposes in the Fig-
ure 3A position, and only line 126 in the Figure 3B posi-
tion.
[0045] As an example, the Figure 3A operation may
occur during take-off and other high power operation.
However, when the pressure on line 238 decreases, such
as would occur, for example, at cruise condition, the valve
234 seats against the seat 232. The connection 240 move
the valve such that the vent 234 is opened and air may
pass into the bypass duct or otherwise pass into an ex-
haust stream.
[0046] It could be said that the valve combination 230
operates automatically based upon the pressure down-
stream of the cooling compressor 114 to selectively block
flow to the cooling location, while at the same time dump-
ing flow downstream of the cooling compressor.
[0047] The check valve is also there to limit or prevent
backflow from chamber 118 reaching line 116.
[0048] The Figure 3B operation might occur, for exam-
ple, at idle or descent conditions.
[0049] Figure 4 shows an optional feature that may use
the "dumped" air. Air downstream of valve 234 may pass
through an ejector 300 to draw additional bypass air B
across a heat exchanger 302. The ejector 300 may also
be positioned downstream of heat exchanger 302. Heat
exchanger 302 could be cooling any number of fluids
associated with the engine.
[0050] For purposes of this application this Figure 4
use, and other uses, are still interpreted as "dumped."
[0051] A gas turbine engine could be said to have a

main compressor section having a downstream most lo-
cation, and a turbine section. The main compressor sec-
tion and the turbine section both housing rotatable com-
ponents. There is a means for tapping air compressed
by the main compressor section at a location upstream
of the downstream most location. The means cools the
tapped air before passing it to a cooling compressor and
selectively connecting to the tapped air reach at least
one of the rotatable components.
[0052] The cooling compressor in the means for tap-
ping is connected to rotate at a speed proportional to a
rotational speed in one of the main compressor section
and the turbine section. There is also a means for selec-
tively blocking flow downstream of the cooling compres-
sor from reaching the at least one rotatable component,
and selectively dumping air downstream of the cooling
compressor.
[0053] The means for tapping includes a first tap at a
location in a high pressure compressor. The means for
selectively blocking includes a dump valve and a check
valve which move as a single valve.
[0054] A method of operating a gas turbine engine
could be said to include the steps of driving a main com-
pressor section having a downstream most location, and
driving a turbine section, with both the main compressor
section and the turbine section housing rotatable com-
ponents. Tapped air is compressed by the main com-
pressor section at a location upstream of the downstream
most location. The tapped air is passed through a heat
exchanger, and to a cooling compressor. Air downstream
of the cooling compressor is selectively connected to
reach at least one of the rotatable components. The cool-
ing compressor is driven to rotate at a speed proportional
to a rotational speed in one of the main compressor sec-
tion and the turbine section. The method selectively
dumps air downstream of the cooling compressor and at
the same time blocks flow downstream of the cooling
compressor.
[0055] Although an embodiment of this invention has
been disclosed, a worker of ordinary skill in this art would
recognize that certain modifications would come within
the scope of this disclosure. For that reason, the following
claims should be studied to determine the true scope and
content of this disclosure.

Claims

1. A gas turbine engine (20;101) comprising:

a main compressor section (102) having a down-
stream most location (104);
a turbine section (108), wherein said main com-
pressor section (102) and said turbine section
(108) both house rotatable components;
a first tap (110) for tapping air compressed by
said main compressor section (102) at an up-
stream location upstream of said downstream
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most location (104), through a heat exchanger
(112), and to a cooling compressor (114), said
tapped air, downstream of said cooling com-
pressor (114), being selectively connected to
reach at least one of said rotatable components,
and said cooling compressor (114) being con-
figured to rotate at a speed proportional to a ro-
tational speed in one of said main compressor
section (102) and said turbine section (108);
a valve system (128,130;230) including a check
valve (130;236) for selectively blocking air flow
downstream of said cooling compressor (114)
from reaching said at least one rotatable com-
ponent; and
a dump valve (128;242) for selectively dumping
air downstream of said cooling compressor
(114).

2. The gas turbine engine (20;101) as set forth in claim
1, wherein said heat exchanger (112) is positioned
in a bypass duct (B), and the gas turbine engine
(20;101) comprising a fan (42) delivering air into said
bypass duct (B) and said main compressor section
(102).

3. The gas turbine engine (20;101) as set forth in claim
1 or 2, wherein said cooling compressor (114) is driv-
en by a shaft (117) which rotates with a high pressure
turbine (54).

4. The gas turbine engine (20;101) as set forth in claim
3, wherein a take-off shaft (218) is connected to be
driven by said shaft (117) and connected to drive
said cooling compressor (114), optionally said take-
off shaft (218) is connected to drive said cooling com-
pressor (114) through a gearbox (121).

5. The gas turbine engine (20;101) as set forth in any
preceding claim, wherein a second tap (124) is lo-
cated downstream of said upstream location and is
connected to selectively deliver air to cool said at
least one of said rotatable components at least when
said check valve (130;236) blocks air flow down-
stream of said cooling compressor (114).

6. The gas turbine engine (20;101) as set forth in any
preceding claim, wherein said dump valve (128;242)
and said check valve (130;236) move as a single
valve (230).

7. The gas turbine engine (20;101) as set forth in any
preceding claim, wherein said check valve (130;236)
is driven by a pressure downstream of said cooling
compressor (114) to allow air flow to reach said at
least one of said rotatable components when a pres-
sure downstream of said cooling compressor (114)
is above a predetermined limit greater than the pres-
sure at the second tap location, and block air flow

when said pressure downstream of said cooling
compressor (114) is below said predetermined limit,
said check valve (130;236) being connected to a
moving valve (230) which selectively opens or blocks
communication to dump said air.

8. The gas turbine engine (20;101) as set forth in any
preceding claim, wherein said upstream location is
in a high pressure compressor (52).

9. The gas turbine engine (20;101) as set forth in any
preceding claim, wherein dumped air is used to in-
crease air flow across an auxiliary heat exchanger
(302).

10. A gas turbine engine (20;101) comprising:

a main compressor section (102) having a down-
stream most location (104);
a turbine section (108), wherein said main com-
pressor section (102) and said turbine section
(108) both house rotatable components;
means for tapping air compressed by said main
compressor section (102) at a location upstream
of said downstream most location (104), and
cooling the tapped air before passing it to a cool-
ing compressor (114) and selectively connect-
ing the tapped air to reach at least one of said
rotatable components, said cooling compressor
(114) being connected to rotate at a speed pro-
portional to a rotational speed in one of said main
compressor section (102) and said turbine sec-
tion (108); and
means for selectively blocking air flow down-
stream of said cooling compressor (114) from
reaching said at least one rotatable component,
and for selectively dumping air downstream of
said cooling compressor (114).

11. The gas turbine engine (20;101) as set forth in claim
10, wherein said cooling compressor (114) is con-
nected to be driven by a shaft (117) which rotates
with a high pressure turbine (108).

12. The gas turbine engine (20;101) as set forth in claim
10 or 11, wherein said means for tapping includes a
first tap (110) at a location in a high pressure com-
pressor (52).

13. The gas turbine engine (20;101) as set forth in claim
10, 11 or 12, wherein a second tap (124) is located
downstream of said upstream location, and is con-
nected for selectively deliver air to cool said at least
one of said rotatable components at least when said
means for selectively blocking air flow blocks air flow
downstream of said cooling compressor (114).

14. The gas turbine engine (20;101) as set forth in any
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of claims 10 to 13, wherein means for selectively
blocking air flow includes a dump valve (128;242)
and a check valve (130;236) which move as a single
valve (230).

15. A method of operating a gas turbine engine (20;101)
comprising:

driving a main compressor section (102) having
a downstream most location (104);
driving a turbine section (108), wherein said
main compressor section (102) and said turbine
section (108) both house rotatable components;
tapping air compressed by said main compres-
sor section (102) at a location upstream of said
downstream most location (104);
passing the tapped air through a heat exchanger
(112) and to a cooling compressor (114), air
downstream of said cooling compressor (114)
being selectively connected to reach at least one
of said rotatable components;
driving said cooling compressor (114) to rotate
at a speed proportional to a rotational speed in
one of said main compressor section (102) and
said turbine section (108);
selectively blocking air flow downstream of said
cooling compressor (114) from reaching said at
least one rotatable component; and
selectively dumping air downstream of said
cooling compressor (114)
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